Service Log, Radio Receiver, US Military, R-1490/GRR-17 
By: Virgil Cheng, vr2xgm 
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Service log R-1490/URR , Serial number: 226 
Date: 26-Aug-2003 , Service period May-Aug-2003, By: Virgil Cheng,vr2xgm 


Symptoms: 
-No reception on all modes, independent of receiving frequencies. 


-Very low audio noise from speaker. 

-Power consumption when powered by 115V AC measured 150 W which is three 
times higher than specification. 

-Burning smell from inside of unit. The unit was inspected after power down. 

-Voltage measurement from test terminals at the back of power supply modules: 

24V-measured 18 Volts. 

18V-measured 15 Volts. 

5V-measured 4.1 Volts. 

125V-measured 112 Volts. 


Failure analysis/services : 
Short circuited power rail capacitors causing filter inductors overheating. 


Rear deck supply decoupling board A1A3A3 

-L3, inductor 1mH, moulded, burnt, sign of overheating. Replaced with new wound 
part. 12mm Amorphous core, permeability 60, AWG29,110T 

-C2,C3, Cap, Elec., 150uF, 30V, axial, electrolyte leaked. C2,3,4,5 Replaced with 
220uF35V 105C axial. 

Detector /AF Amplifier A1A2A7 

-C27,CI7,cap,elec,22uF30V,axial, electrolyte leaked. Replaced with 22uF35V 
Tantalum 

-C23, Cap, Elec., 150uF, 30V, axial, electrolyte leaked. Replaced with 220uF 35V 
Axial. 

Front end A1A2A2 

-L3, inductor, 2.2uH, axial, burnt open circuited. Replaced 

-L1, inductor, 2.2uH, axial, (larger size than L3),sign of overheating. Replaced 

-Cl0, cap. wet Tantalum 22uF,30V, bursted open. Replaced with 22uF 35V 
Tantalum. 

-C18,330pF NPO, replaced 

-C20,1000p,X7R,replaced 

Power Supply A1A3PS1 

-C8,9,15,16,3,6, Cap, Elec., 150uF, 30V, axial, electrolyte leaked .Replaced with 
220uF 35V 105C axial. 

MHz tuning dial assembly 

-Toothed belt disintegrated, plastic aging. 

-Encoder S1,rotary switch S9 ,misaligned, toothed drive wheel incorrectly fastened. 

Input filter ALA2A1 

-S1 misaligned, toothed drive wheel incorrectly fastened. 

Front panel 

- Antenna connector centre pin broken. 

-C2, capacitor,ceramic,10nF, 200 V, across RTTY output terminals on front panel 
rear, one lead broken. Replaced with Polyester part. 


Regenerated component specifications: 
R-1490/URR MHz Tuning mechanism toothed belt, 12-Jun-2003 
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Note: dimensions in mm 
Measured total length: 394mm 
Calculated #teeth: 158.7, this matches marking "FA-158", select parts with 158 teeth. 


Applicable Replacements: 


Supplier/Tradename 


Berg Manufacturing/ 32GBF- 2.494 | 158 394,1 | Standard 
Flex-E-Belt 158-E 





Berg Manufacturing/ 33GBF- 2.494 | 158 394,1 | Super Flexible - 
Flex-E-Belt 158-E Light Load 


Photo record, service work 
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Inductor, moulded, PCB mount, located on Rear deck supply decoupling board 
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Parameters and Internal Construction details 


Core: Toroid 
OD 11.3 
ID 6.25 
HT 4.24 
Material: Unknown 
Estimated MPP 
or amorphorous 
Winding: Dia 0.28 (AWG30), 105T 
Wire length 1530mm 
AL value: 90nH/Turn Sq 


Inductance: 1mMH 
DC Current @80% inductance: 0.34A 


DC Ressitance: 0.650hm 
Unloaded Parallel resonance Frequency: 1.5MHz 


Construction: 

Wound toroid 90 deg cross- wrapped in two layers 
of fibre glass tape 

Whole assembly was encapsulated with soft Epoxy 
inside a thin-walled package frame. 





Original Part Exposed view 


Service log R-1490/URR , Serial number: 466 
Service period : Dec-2003 to Feb-2004, By: Virgil Cheng, vr2xgm 


Unit originally operational , AC hum from speaker, periodic inspection found : 
Severe E-cap deterioration in assemblies : 

Assembly Detector /AF Amplifier Al A2A7, 

Rear deck supply decoupling board A1A3A3, 

Power Supply Al A3PS1 


Improper servicing done on: 
Front Deck Power supply decoupling board 


Replace all bad E-cap and suspicious item with 125degC rated long life parts. 


Inductor Replacement, Unit S/N:466 





Original Part on Rear deck supply decoupling board Al A3A3 Together with Re- 
constructed part at location L3 on unit SN:466 





Rewound part and Re-constructed to fit existing footprint. Used on unit S/N:466 


Photo record, service work 
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Assembly Detector /AF Amplifier A1LA2A7 
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Power Supply AIA3PS1 
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Power Supply A1A3PS1 
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Power Supply AlA3PS1 


Service log R-1490/URR , Serial number: 466 
Service period : 28/30-Dec-2006, By: Virgil Cheng, vr2xgm 


Symptoms: 
- Unit originally operational, intermittent contact problem found on 1OKHz 
frequency selector. 


Test/Inspection results: 

- $3 suffers bad contact. One mounting shaft of switch S3 suffers stripped thread 

- Problems with 1MHz,10MHz frequency selector knob 

- Adhesive applied incorrectly on encoder S1, set screw didn’t sear on flat surface of 
shaft. 

- S1 Bevel gears fastened incorrectly 

- SI stop unable to replace, broken. 

- Toothed belt partly disintegrated 

- S9 spindle toothed wheel mounted incorrectly, set screw didn’t seat on flat surface 
of shaft. 

- Drive wheel for AlA2A1 SI mounted incorrectly, set screw didn’t sear on flat 
surface of shaft. 

- 115V AC input Y-capacitor, C2 burnt open, disintegrated. Check manual page 5- 
93,5-94. 


- Frequency Selector Check 
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The 4 pole 10 throw switch used on the R1490 cannot be easily found from retail 
sources. An alternative is to use a single pole 10 throw switch combined with a 
diode matrix to generate the same binary code. 
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Remark: 

5 pcs of Schottky diodes are required for each assembly of A,B,C and D. 

A logic level of “0” requires population of one diode at corresponding position 
(manual page 4-79). 


Close substitutes are: 


Grayhill P/N NewarkInone P/N Farnell P/N Remark 
71AD36-01-1-AJN  14M6832 414-4715 1 deck 

71AD36-02-1-AJN  14M6834 2 decks 
Summary: 


Ys.” mounting hole, 1/8” shaft diameter, 2” shaft length. 10 positions 





The major difference is shaft length, this causes significant difficulty on adapting the 
switch to the existing R-1490 mechanical design. 

A shaft adaptor was made from commercially available Brass test fixture pins, one 
end having 2.8mm diameter which serves as mounting shaft of the original control 
knob. The other end is a hexagonal standoff with a 3mm internal thread. The threads 
were carefully removed with a 1/8” HSS drill bit, making a smooth bore to fit the 
stainless steel shaft of the 71A36 switch. The result 1s a precise tight fit that allow 
extension of the shaft (see photos) without adhesive application. 


- Adhesive on SI was removed. 

- Tooth belt removal 

1. Loosen bevel gear on 1MHz/10MHz control knob shaft. 

2. Loosen S1 

3. Move the bevel gear on shaft towards panel side and Shift S1 to allow more 
clearance for toothed belt to pass through. 

4. Loosen and remove all knobs from front panel. 

5. Loosen all switch deck assembly mounting screws from front panel. One screw 
need to be removed from standoff near Al A2A1 driving wheel. 

6. Loose toothed belt tensioner and release toothed belt from 1MHz/10MHz drive 
shaft and AlA2A1 driving wheel. 

7. Release 3 mounting screws for S9. 

8. Release toothed belt from S9 


- Replacement switch S3 installation 

. De-solder and mark lead wires for S3 properly. 

. Remove digit dial from shaft 

. Remove S1 from switch assembly bracket. 

. Install digit dial such that position “0” appear on window align with position “10” 
on switch. Doing this display digit “1” will align with position “1” on switch. 

. Rotate shaft such that “0” align with window. 

6. Tighten S3 mounting screw, inspect position of digit on window. Re-adjust 

mounting screw if needed. 
7. Insert adaptor shaft. 
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8. Adaptor shaft is slightly smaller than original part, insert a 2.5mm shrinkable tube 
onto shaft to improve knob fitting. 


9. Install switch assembly to front panel, proceed to toothed belt installation and 
alignment. 
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- Toothed belt installation and alignment of drive gears. 
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. Loosen and release steel driving chain from 1MHz/10MHz encoder S1 

. Flip S1 to reflect logic state of O2MHz, S1D,C,B,A of 1,0,0,0 (1 means open). 

. Flip detent gear to minimum stop of 0O2MHz. 

. Carefully shift drive chain, without disturbing detent gear and encoder gear, such 


that 1MHz/10MHz counter display “02” 
Replace steel drive chain on drive gears. 


. Shift steel chain tensioner , tighten steel chain, inspect display number and check 


S1 encoder logic state, re-adjust if needed. 

Insert replacement tooth belt, Berg Manufacturing / Product: Flex-E-Belt , P/N 
32GBF-158-E or 33GBF-158-E. Insert belt from bevel gear side. 

Align S9 to position “2”, check manual page 5-93,5-94 


. Roughly align Al A2A1 drive wheel to “O2MHz” position which corresponds to 


the shaft rotation position of AlA2A1 with the thin guide pin pointing towards the 
side with two mounting screws and vertical. 
Pass the belt around Al A2A1 drive wheel and S9 drive wheel 


10. Do not turn 1MHz/10MHz knob before all obstacles are cleared, make sure belt 


does not interfere with brackets, standoffs, wires and solder joints. 


11. Tighten tensioner and recheck position of S9 and Al A2A1 drive wheel. 





A1A2A1 drive wheel 
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- Engagement of 1MHz/10MHz tuning knob with mechanical counter 

1. Position bevel gear on 1MHz/10MHz tuning knob shaft such that both setscrews 
are pointing towards the flat surfaces machined on the shaft. 

2. Rotate both setscrews inward gently , let them just touch the shaft surface and 
allow the bevel gear to slide axially. 

3. With mechanical counter at “02”, S1 at position “2” and Al A2A1 drive shaft at 
vertical correct orientation as described in step “8” in the previous procedure. 
Slide bevel gear towards S1 encoder shaft and engage both gears. 

4. Manually maintain proper engagement using a proper tool (such as tweezers or 
screw driver) and rotate 1MHz/10MHz clockwise to position “05”. This is a 
position that allows both screws to be tightened from above. 

5. Tighten both setscrews on bevel gear, return to tuning position to “02”, recheck all 
switch position and encoder code. 

6. Check encoder S1 coding from position to “02” to “11”. 

. Check S1 contact positions electrically for position “02” to “29°. Correct if 

discrepancies found. 


~ 


- Set screws for gears were seated properly after repair. 


- Installation of encoding diode matrix on S3 replacement. 

1. Prepare 4 diode matrix PCB assemblies, A,B,C and D. Each assembly requires 
unique population of diode corresponding to its logic pattern (manual page 4-79) 

2. Solder common point (black wires) to pole position of S3. 

3. Solder 10 pcs of 0.6mm diameter solid wire to throw positions. Adjust them to 
point vertically upward. 


4. Insert 10pcs of 8mm insulation tube to the wires. They serve as spacers for diode 
matrix PCBs and prevent wires from shorting the S3 metal parts. 

5. Inert diode matrix PCB for bit A. Solder all connection points to switch and S3A 
wire. 

6. Check logic level for bit A against switch positions. 

7. Repeat for bit B,C and D. Recheck logic levels. 


- Removed S3 to be check for possibility of restoration. 








a . 
Bit “A” diode encoder installed 





- 115V AC input Y-capacitors. manual page 5-93,5-94 


200V ceramic capacitors were used, which is unsuitable for Line-Earth application 
by today’s standard. 10n Y capacitors was not available at time of repair, 10n X2 
capacitor was used instead. Both Cl and C2 were replaced for reliability reason. 





- Phone jack was found loose and tightened. 


10-May-2011, replacement of input Y-capacitors 
Service log R-1490/URR , Serial number: 466 


Cl and C2 were X rated capacitor and not the most desirable part for Y-capacitor at 
AC line input (see Dec-2008 service log). They were replaced with 10nF 250V Y2 


polyester capacitors. 





10-May-2011, l|OKHz frequency knob frequency stability problem 
Service log R-1490/URR , Serial number: 466 


The 10KHz 4 pole 10 throw mechanical switch was replaced with a single pole 10 
throw switch plus a 4 bit diode encoder to generate the necessary logic levels for 
PLL divider (see Dec-2008 service log). It was found recently that PLL was unable 
to lock at certain frequency setting. Voltage measurements at encoder output were 
compared with neighboring mechanical switches. Logic “1” was measured 1.47V 
from original mechanical encoder whereas logic “1” was only ~0.6-0.7V for the new 
encoder. 


The 4 encoder bits were connected to a dip switch to see if it made any difference. 


Once the wires were transferred to the dip switch, tuning was stable. 
/ / ~~ An : 





The abnormal logic levels were caused by Schottky diodes leakage current. Since the 
encoder bits were connected to DTL logic, they are sensitive to abnormal logic 
voltage level and caused false operation of the resettable counter chain. To ensure 
correct logic “1” level, pull-up resistors were added to all 10 throws of the encoder 
switch. The reason of adding resistors at the switch and not directly at logic gates 
input 1s for reliability reason. Since only 18V is conveniently available on the front 
panel. The pull-up bias need to be derived from 18V using a voltage regulator. In 
case of voltage regulator failure, excessive voltage and bias current will be 
developed at logic gate inputs and result in failure. The diode array provides reverse 
blocking and presents voltage regulator failure from damaging the logic gates. 





Addition of ten 47K pull-up resistors, mounted on outermost diode encoder board 





Orange wire tap +18V from Notch Filter module, small PCB assembly consists of a 
100uH choke, 30K//30K resistors to 2pcs 4V7 Zener diode in parallel (for 
redundancy). Two bypass capacitors, 1 for +18V and one for 4.7V were installed. 
Red wire is 4.7V for encoder pull-up. 100Q resistor provides ground return path 
when ground lug is open. 
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Close up of bias voltage regulator board, Gnd return connected to chassis via the 
mounting stud with a solder lug. 
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Updated schematic 


Service log R-1490/URR , Serial number: 466 
15-May-2011, 2ndIF Amplifier and AGC module 





Cold solder found on wire 117 


17-May-2011, Detector, AF-Amplifier 
AM sound quality poor at low signal level. This is a very old problem since the 
acquisition of this set. Distortion is high at low signal level, signal can disappear 
entirely and difficult to copy. 

1N60A 





Problem origin is the high forward voltage drop of CR1. Circuit uses a 1N914 
Silicon diode without DC bias, resulting in high carrier threshold level of the simple 


AM detector. A number of possible improvements includes introduction of DC bias, 
synchronous detection or a lower forward diode. A fix was finally decided by 
connecting a 1N60 Germanium diode in parallel with CR1 to avoid removal of CR1 
and patching of additional component. Improvement is significant. 





AM distortion fix, A 1N60 Germanium diode was piggy backed on CR1 
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26-May-20 






, S/N:226, inspection and service, PSU 
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Re-install filter inductor and HV inverter after replacement 
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Sign of corrosion seen on AC power filter capacitor C1. Rebuild capacitor package, 


maintain original appearance. 
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Remove foil roll, clean and remove tar sealant. Contacts are Aluminium crimp 
terminals, not easily solderable, use PCB with screw attachment electrical contact. 
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Re-assemble can and re-install 


4-Jun-2011, S/N:226 improving ripple voltage at +24V rail 


Observation: 

24V rail measured 22.8V, voltage across filter capacitor Cl measured ~30V. Lower 
than 40V measured on unit S/N:466, PSU also ran cooler than S/N:466, suspect a 
different version of power transformer having a lower secondary winding voltage. 
Unit worked normally with acceptable line frequency ripple voltage, the secondary 
winding voltage was not measured. 


Approx 2Vp-p ripple at switching frequency of 12.5KHz was measured at the 24V 
test point near fuses of the Power Supply assembly. The problem was caused by 
overlooking input ripple current of the +18V and +5V buck regulators in original 
design. Cl, a 47uF wet Tantalum capacitor was insufficient to handle total ripple 
current of the two buck converters. 


I | Prone | 
I | 


R3 -— SWITCH Rs 
Hy dtl 2k“ ORIVER  S 470 ow 
(iy 





10,000 RIG 
r ) Phe % Swrrcn 33 a 22k 
cR3 a, Q3 
om ig RIO SNeSOTA 
100 rf 


Two additional capacitors were added, one each at the input of the two buck 
converters. A 560uF 35V LXF series was added near pin 8 of the buck converter 
PCB, another 470uF 35V KY series was added near Cl. 
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Both capacitor protected with heat shrinkable tube and soldered to the underside of 
the PCB. Ripple was reduced to less than 0.5Vp-p after modification. 


4-Jun-2011/8-Jun-2011, S/N:226, Detector, AF-Amplifier 


On this unit , an alternate method was used to improve AM detector threshold. 
Instead of using a Germanium detector diode, a small bias current 1s introduced thru 
Silicon detector diode CR1 (1N914). 


Tey 





Modified with DC bias Original schematic 


R102/C103/C104 decouple +18V power, R101 provides approx 18uA of bias 
current thru CR1. Test found increasing value of R101 to 10M also increases 
distortion. R101=1M was finally used. C101 and C102 blocks DC component. C102 
allows high frequency passage and C101 provides low audio frequency impedance. 
Large value multilayer ceramic capacitors were used in this modification. 





5-Jun-2011, S/N:226, 2ndIF and Detector module 


Ground wire broken, re-solder to terminal 6 Input coaxial cable Ground shield. 


- 


7 ,, * 








8/9-Jun-2011, Replace input Y capacitors Cl and C2. 
a i) 





Original part was 10n 200V ceramic Replaced with 10n 250VAC Y2 film 


Unsafe and insufficient voltage derating Meets today safety standard 
Circa 1968 


10-Jun-2011, S/N:466, 
Replace 18V voltage regulator board C5 with a smaller diameter part for better 
mechanical ue ee eOe supply ripple voltage fix, same as S/N:226 








13-Jun-2011, Rebuild Electrolytic Capacitor 

Unlike Unit S/N:226, Unit S/N:466 had the original faulty part discarded and 
installed with a 35mm 400V part with 35mm can dia thru an octal plug. For better 
appearance the part was rebuilt with an octal plug attached to a 35mm dia. Acrylic 
tube. A 1000uF S50V part was fitted inside with plenty of space left. 





Appearance before rebuild Octal plug modified to fit Acrylic tube 





Rebuilt package Installed into position 
16/17-Jun-2011, S/N:226, inspection and service, PSU 


The power supply’s 24V output measured 22.8V. PSU was removed from chassis 
and tested individually. Transformer secondary voltage measured 41 V under 115V 
input. DC voltage across Cl measured 45V DC when unloaded (3W dissipation 
unloaded vs 0.7W dissipation when loaded), 35V DC when loaded. Resistor R1 was 
overstressed when power supply was unloaded. R1(100Q) was measured 120Q, R2 
(82Q) measured 121Q and R3 (1K) measured 1.08K. For long term reliability reason 
R1 was replaced with 5W wire wound resistor, R2 was replaced with 82R 0.5W part, 
R3 was replaced with 1K 2W part. A terminal post for mounting CR6 Cathode side 
of Rl and R2 was damaged during repair and was replaced with a PCB. As a future 
precaution, PSU unit should not be tested at rated AC input voltage unloaded. 24V 
output measured 22.7V when unit was cold, 23.6V when warmed up. 








Before service After service 


12-Aug-2011. S/N:466, Intermittent signal loss. 


During prolonged burnin an intermittent signal loss was found. When reception 
failed the noise level heard from speaker was also significantly reduced. 

All modules in middle deck with active devices were swapped with unit SN:226 and 
found to be working properly. Leaving only Mixer/Multiplier and Synthesizer 
unchecked. When signal loss was observed, the usual PLL transient response noise 
also disappeared when tuning knobs were turned. First local oscillator and its 
associated PLL were highly suspicious. Wet Tantalum capacitors used on PCB 
assembly AlA3A1A1 were replaced. They were checked okay with very good 
capacitance accuracy. 
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C32 and C4 are bypass capacitors, C6 and C9 are PLL loop filter capacitances, they 
need reasonable stability under operating temperature range. X7R ceramic capacitors 
were used. 
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C9 was replaced with 2.2uF 25V in earallel with luF 50V both X7R dielectric 








C32 was replaced with 22uF X7R dielectric 





C4 was replaced with 22uF X7R dielectric 
Signal loss problem disappeared after capacitor replacement. 


Additional Remark: Ceramic Capacitor is not really suitable for PLL loop filter 

component application for a number of reasons: 

- Voltage dependent capacitance, loop characteristic changes as PLL lock voltage 
changes. 

- Temperature coefficient of ceramic capacitor, especially high capacitance type is 
large, causing loop parameter change. 

- Tantalum capacitor is still more desirable, using dry solid type plus product from a 
reputable manufacturer helps reliability. 


3-Feb-2014, S/N:466, 
Intermittent signal loss, finally developed into full signal failure. 


This problem was found about one year ago. Sometimes unit returned to normal 
operation. The problem gradually became more serious and unit went into complete 
silence few months ago. Unit was put in storage and recently retrieved for servicing. 


Synthesizer module was first inspected. PCB assemblies AIA3A1A1, ALA3A1A2, 
A1A3A1A5 were checked and verified for proper operation. 


Followed by inspection of Front End AlA2A2, VHF oscillator bias voltage (varies 
from ~42 —56V DC, and signal at sample output were checked with frequency 
counter. Normal operation confirmed. 


Suspicion moved to First I-F Amplifier ALA2A3. 


Unplug First I-F Amplifier and measure signal levels at connector P1, 
Frequency setting 11.815MHz (casual setting) 

Signal injection : antenna input 11.815MHz ImV 30% AM 

Signal level at the following locations were checked: 


Locations 
P1D bypass AGC 64TV 
PIE AGC 866V 0 | 


DC 
DC 
DC 


PIF Ref AGC ‘DC  ——*|:9.16V 
P1U, fm mixer/mult | 117MHz -54dBm | Problematic, manual says 1V RMS 
PIA, fm frontend | 112MHz_ | -72dBm | 


J1(TP) SMHz No Either problem with 1° I-F, or 
signal possibly problem with Noise 
Blanker AlA2A4 








Unplug Noise Blanker A1A2A4, Insert First I-F module and check signal levels at 
Noise Blanker socket 


internal loading resisto 

OFF position 

PIT input from 1° | S5MHz No Confirm problem is up-stream either 
ee | 1° I-F or related modules 


(Al) S-MC AMPLIFIER 








Problem appears to be originated up-stream. Signal path on First I-F was checked 
again to confirm whether its 1“ I-F problem or connecting cable problem. 


Frequency setting 11.815MHz (casual setting) 
Signal injection : antenna input 11.815MHz lmV 30% AM 


/C1¥/C15 junction | 112MHz__| -88dBm_| expect impedance mismatch | 

Qobase @ | I2MHz | -76dBm | 

/C29/C3@junetion e | 112MHz__| -68dBm_| expect impedance mismatch | 
signal present, no SMHz component 
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Disappearance of SMHz signal caused by insufficient signal level at 117MHz buffer. 
Repeated measurement at 1“ I-F socket P1U double confirmed signal was only ImV. 
Inspection now moved to Mixer/Multiplier where the 1 17MHz signal is generated. 
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Readings taken under normal reception 


When the 117MHz amplifier stage was operating normally, 3-4V p-p was measured 
with a thin coax cable soldered to terminals 7 and 8 using a Iwatsu SS5711 1OOMHz 
bandwidth oscilloscope. When loaded with 50Q input of a spectrum analyzer, 5dBm 
level was measured, at the same time a steady 3 Vp-p level was measured on 
oscilloscope. 


Signal level at connector position P1U of 1° I-F Amp was verified to agree with 
values on Mixer./Multiplier. The connection between P1X on Mixer/Multiplier and 
P1U of 1° I-F confirmed normal. 


Mixer/Multiplier module appeared to have repaired before. 4 out of 6 mounting 
screws were missing. Rosin paste residue was found on the component side and 
solder sides of Al PCB assembly, unactivated solder paste could lead to corrosion. 
PCB was cleaned and missing screws re-installed. 


Lace 


Signs of earlier repair work 
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Bottom side of x10 multiplier PCBAssy A2 






Gain failure on the 117MHz amplifier stage usually happened after prolonged power 
up. 
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Normal waveform 


Vaveform at base of O3, Mixer/Multipilier A1lA3A 





Abnormal waveform 
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When signal level is abnormal, output frequency halved 





3MHz signal into Mixer Z1 , normal reception 
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3MHz signal into Mixer Z1, abnormal reception, no difference 


Efforts were concentrated to identify cause of intermittent 117MHz amplifier stage 
failure. Suspicious components were replaced one by one. 


Modification / Fixes 
Terminal #7 of PCBA A1, poor solder wetting, replaced 


Replacing C22, 10pF Silver Mica capacitor 
Replacing C19,C21 270pF decoupling capacitors 


Further inspection of the Mixer/Multiplier schematic found the 117MHz amplifier 
Q3/Q4 is having identical component values as that of 30MHz buffer amplifier 

Q8/Q7. Resistance and voltage drop measurement were conducted using a DMM 
comparing the two sections. If was found the VBE of Q4 was around 0.85V while 
that of Q7 was 0.65V. Q4 was replaced with 2SC1923 (ammediately available), 

module became normal again and was left burn-in for few hours. Later on Q4 was 
replaced with a more suitable part MPSH11 after verification of normal operation 
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Q4 replaced, Copper foil wrapped around body to mimic 2N918 parasitics 


Re-alignment of 117MHz amplifier stage 
Re-alignment was necessary due to component changes, was done separately on 
bench with a DC power source, signal generator and spectrum analyzer. 
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117MHz 50mV 
From generator 
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Accessing P1X without original socket insert. 
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Lead wire from signal generator 





Lead wire from signal generator 
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Equipment setting and measurement, Signal generator set at 50mV, 117MHz signal 
measured 7dBm after re-adjustment of T6 and T7, response was not sharp. 
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Initial reading before adjustment 





A small diameter Teflon tube inserted with a AWG30 wire to access coax socket 
centre pin. Small diameter cable to bring out signals from PCBAs for measurement. 





Solid Tinned wire soldered to SMA socket to access P1X output 


Additional note on the cause of intermittent failure: 

2N918 was widely used for RF amplifiers on R-1490. A closer look of the datasheets 
from two manufacturers Central Semi and SGS-Thomson found VCEO of 15V. 
Power supply is around 18V, device bias measurement shown base DC voltage of 
Q4 around 4.8V. Q4 operates at VCE of around 14V under static condition. With the 
need to output ~0.5V RMS at 50Q, primary side of T4 may see some higher voltage 
swing, superimposing on static bias may cause Q4 to break down. Even though the 
removed Q4 was not checked, there 1s a possibility this is a design margin issue and 
not a component reliability problem. 


The replacement MPSH11 has higher BVCEO or 25V. 


20-Feb-2015, S/N:466, 
Adding OVP crowbar at 5V logic power supply 


There is a concern on the failure mode of the 5V power supply. The buck converter 
switch could be on when power device or control IC fail. Such failure can easily 
wipe out all devices connected to the +5V rail. Obsolete DTL logic ICs are used in 
the PLL counter logic, replacement is now very hard and expensive to get. The 
original R-1490 +5V rail is not protected. It is useful to add a OVP crowbar as a 
safety precaution. 


A simple SCR crowbar is used, containing total of 4 components. 
1 


POS 
R1 
400R PAD1 ls | 
pyW2o Connect between +5V 

F2/J5. Side and “END LY ey | 

aye A1A3PS1A3A3 +/8¥ 

a A Pil-i 

2N6394 A2—t Tus JS 3A | 
C1 , +5V | F2 | 


X/7R NEG TO: PI-8 
SOV PAD2 a 
20 To Peo. ty) | 


The crowbar will be connected between J5 junction and GND, in case of a PSU OVP 
failure that triggers the crowbar, fuse F2 will blown open due to over-current. 


The crowbar is tested individually using a laboratory DC power supply. Trigger 
voltage was tested separately, the voltage is temperature dependent which measured 
6.4V at room temperature and 5.9V when warm. This is acceptable for a +5.3V 
(measured value) DC rail. 


The dynamic response characteristic was tested with a lab PSU set to 24V unloaded 
voltage and 1A constant current limit. The crowbar was connected across the output 
of lab PSU and dynamic response captured using an oscilloscope. The is approx 
A0uS delay from 6.4V to the moment of SCR trigger, the fall time to approx 0.9V of 
SCR on voltage is less than 2uS. The surge current is around 15A peak on bench test 
and will vary according +5V rail capacitance, ESR ESL. which 1s within the surge 
capability of SCR. 


Waveform 


2/20/2015 3:12:53 PM 


1.00V/div 1.00V/div beler=|(=1 1.00ms/div 
-3.00V 0.00V Offset 0.0000s 


Rise and fall characteristics, Chl=VA-K, Ch-4=Ik @ 10A/V 
DC Trigger threshold = 6.4V @ room temperature 

= 5.9V when warm (~50degC) 
PSU set at 24V, CC=1A, waveform captured at power up 


Waveform 


2/20/2015 3:17:12 PM 


1.00V/div beler=) |=] 1.00V/div beler=|(=1 20.0us/div 
-3.00V Offset TRE Offset 0.0000s 


Fall characteristics close-up, Chl=VA-K, Ch-4=Ik @ 10A/V 
DC Trigger threshold = 6.4V @ room temperature 
= 5.9V when warm (~50degC) 
PSU set at 24V, CC=1A, waveform captured at power up 
Fall time ~2uS, Peak current ~16A, depends on capacitance, ESR/ESL and lead wire parasitic parameters 





The circuit was built with leaded components on small breadboard. A convenient 
mounting position was found near C7 or the A2 PCB, negative return was connected 
to C7 negative terminal, +5V was connected to J5 via a short length of AWG22 wire. 
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4-Apr-2015, S/N:226, 
Adding OVP crowbar at 5V logic power supply to unit SN 226. The specific SCR 
2N6394 used in this modification has an internal Gate-Cathode resistor which forms 
a voltage divider with Resistor R1, R1 on this crowbar unit was reduced to 47Q (was 
100 QQ) to reduce trigger voltage from 7.2V to 6.5V. 
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9-Jun-2016, S/N:466, 
PLL out of lock troubleshooting 


Fault description: 
- No reception 
- Regular motor-boating noise heard from speaker 


Troubleshooting: 

- Unstable VCO control voltage measured at synthesizer PCB AIA3A1A1 J1 test 
point. Voltage measured at this point appears stable using a DVM, has significant 
ripple content when observed using oscilloscope. Ripple frequency matches that of 
noise. 

- Completely unstable VCO control voltage measured at synthesizer PCB 
A1A3A1A2 J1, a sawtooth waveform approx from 1V to 8V observed. Indication 
of PLL lock failure. Q5 appears completely cutoff without any base drive, no 
output from phase detector Z5. 

- Replace Al1A3A1A2 PCB from synthesizer and tested on bench. Inject 32MHz 
pulse using a programmable pulse generator to PCB finger X-Y. Insert a 1K 
resistor between generator and connector position X, this adjusted signal level at 
flip-flop side of C2 to ~1V p-p. ECL divider, amplifier Q1/Q2, divider Z2/Z3/Z4, 
amplifier Q3 confirmed functional. 

- Oscillator Q7, buffer Q12, amplifier Q9/Q8, checked functional. 

- remove synthesizer back cover plate and chassis cable tray next to it. Making edge 
connector solder terminal side accessible. 

- Measure signal level at synthesizer chassis edge connector, with AlA3A1A2 
inserted. 


120MHz signal 
32-4-33.6MHz LAV p-p 


+15V power 
117.3-117.2MHz | 1.2V p-p 


- Trace 120MHz signal to X4 multiplier module underneath synthesizer box between 
edge connectors. 30MHz signal to Z2 input measured 20mV p-p and noisy 
(abnormal). 

- Trace 30MHz signal to Digital #3 module AlA3A1A6 edge connector P1 C-D, no 
signal, this 1s an input. 

- 30MHz signal coning from synthesizer A1P2 pin B-D. 

- 30MHz signal originates from Mixer Multiplier module connector pin W. Fig. 5-77, 
Mixer/Multiplier A1A3A2 2 of 2. 

- Remove Mixer/Multiplier and check on bench. 


Qzc | CV pp 





QC | SV pep 
Terminal 18 | | 1 4V pp 


- Trace connector continuity from Mixer/Multiplier to Synthesizer, normal. 





- Remove PCB A1A3A1A6 Digital #3, 30MHz signal re-appear at 1.2V p-p. 

- With AIA3A1A6 unplugged, connect a 47Q resistor to edge connector C-D to 
simulate the case of shorted transistor Q1/Q2. No significant effect on signal 
amplitude. 


- A1LA3A1A6 tested on bench, 5V power drawing 0.15A 

- Temporary edge finger D to nearby ground with short wire. 

- Inject 30MHz signal at edge connector C. Amplifier Q1/Q2 functional. Discrete 
Flip-Flop Q3/Q4 functional. Buffer Q5 functional. Divider Z6/Z7 functional. 
Buffer Q6 functional. Poor waveform quality by today’s standard. 

- re-install A1A3A1A6, fault disappeared. 





A1A3A1A2 removed for bench test, loop AWGIB8 wire around two corner holes for 
easy extraction 
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Fig. 5-69, pages 5-125/5-126, ALA3A1A2, RF#3 inputs, 30MHz input to Frequency 
Multiplier Module Z2, note Z2 input connects to two places on Synthesizer Module. 
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Fig. 5-69, pages 5-125/5-126, ALA3A1A6, Digital #3 
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Fig. 5-55, pages 5-97/5-98, connection between Synthesizer and Mixer/Multiplier 


25-Jun-2016, S/N:466, Weak Sensitivity 


Fault Description: 
Successful reception on 17.710 MHz only, unable to receive on other MHz 
frequencies. Not even electrical noise copied. 


Remove Front End module A1LA2A2 ee 
Connect signal generator Fluke 6060A to antenna input 


Set signal generator to 11.815MHz (arbitrary, is NHK frequency), 

100mV amplitude, modulation off 

Measured connector P1 pin C using Tek TDS2024 Chl 20mV X1_ | no obvious 
probe signal 


With Input Filter A1A2A1 in place, measure AlA2A2 connector 1700 
Pl pin C to ground resistance. 


Remove Input Filter AlA2A1 a 


pin C (input) 
signal generator setting 


Measured signal level at input of coaxial cable feeding antenna 
input 

Rotate 1 & 1OMHz knob, noticed coupler cup to Al A2A1 selector 
switch did not move 


Checked synchronous belt mechanism, a few teeth disintegrated 


26-Jun-2016 


Procedure 
This is an expansion of earlier service log dated 28/30-Dec-2006 


Berg part number 32GBF-158-E turned brittle after replacement 
13 years ago. 32GBF-158-E in inventory experienced severe 





degradation after 13 year storage, no longer usable and scrapped. 
Part number 33-GBF-158-E (more flexible type) in lab inventory 
is still usable after inspection 


Synchronous belt removal: 
Loosen/remove the three mounting screws on selector switch S8 








Remove mounting screws on both sides (c 


mounting post _ 





Loosen synchronous belt tensioner, do not remove entirely as it will be inconvenient 


to re-install 
Loosen both Allen nuts on the bevel gear of 10/1 MHz knob. They are 90deg apart 
and shaft has two flat surface to accept the nuts 

“ >». “(cy _ Se Se T = =e 





Slide the bevel gear towards knob side to decouple from bevel gear on encoder 
switch S1 


Loosen hex mount nut of switch S1 


De-couple old synchronous belt from knob gear 
Loosen dial illumination lamp housing near steel chain tensioner, 
allowing box driver access to tensioner nut 
Be : 


Silde synchronous belt thru the gap between bevel gear and steel chain, belt 1s now 
in front of both bevel gears 


Slide SI away from bracket, increase gap between bevel gears 
Slip belt thru gap between bevel gears 
Disengage belt from Al A2A1 selector driving wheel 


Disengage belt from S8 driving gear and slide old belt from the gap of the removed 
S9 mounting points 


Synchronous belt installation: 


Dis-engage chain from detent gear and flip detent gear to minimum stop corresponds 
to O2MHz 


Thread new synchronous belt in reverse order to re-install 
Re-install S8 mounting screws 
Re-install round mounting post near power switch 


Position bevel gear on 1MHz/10MHz tuning knob shaft, such that both setscrews are 
seating correctly towards the shaft flat surfaces 





Gently rotate both setscrews inward, let them just touch the shaft surface and allow 
the bevel gear to slide axially to prevent set screws move away from correct position 
Keep bevel gear dis-engaged, prevent teeth from scraping each other either by secure 
them apart or place soft spacer in between 





Check S1 code corresponding to position "02" D/C/B/A = 1/0/0/0, 1 is close 0 1s 
open. Bit D is the deck furthest away from shaft. Do no 


Engage synchronous belt on knob gear, belt tensioner, S8 driving wheel and 
A1A2A\1 selector driving wheel, ensure belt is routed properly without interference 


Position S8 selector contact at position correspond to "02", contact #2, by rotating 
10/1MHz knob | 
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Position mechanical counter to “02”, pulling chain towards front panel bottom side 
increase counts and vice versa 


Engage chain with S1 driving gear, do not rotate S1 
Tighten S1 mounting nut on chassis 


Check counter position by tensioning the chain, re-adjust if digit moves 


Set chain tensioner 


Position AlA2A1 driving shaft with narrow slit facing vertically towards top of front 
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Less durable 
crumbles easily 





WM berg URL update: 
https://precisionparts.wmberg.com/timingBeltsChains 





9-Jul-2016, S/N:466, Weak Sensitivity 


Fault Description: 
While operating properly at 17.740MHz, reception suddenly stopped. 


Procedure 
connect 10mV 2MHz signal to Antenna Input from Be 
Fluke 6060A signal generator 

First IF Ce ed 


Check Pl-a (XA3-A) 112MHz from roofing filter Signal appears briefly at 
power up 


No signal with 2MHz input 
with receiver setting at 02 


0000 
Check P1-U 117MHz signal from Mixer/Multiplier 400mV p-p 
(1xprobe Tek 2024) 
Front End ee 


Feed 10mV 2MHz into Antenna input 


- Check signal @ Front End XA2-C signal available 
Roofing filter check 





Feed 112MHz signal front Front End XA2-W. 
Check signal @ First IF XA3-A 


Vary frequency around | 12MHz and check response 


Front End Le 
VCO output check signal available from VCO output 


with +18V power and +45V HV bias 


Up converter check, fed signal from module input , Signal available at output 
observe output 


Input Filter check 
Feed signal to input, observe output, see if frequency | All 4 bands functional 
corresponds to rotary switch position 


Front END SCC 


remove front end module 

Check P1-D (XA2-D), 82-110MHz signal from Signal frequency incorrect 

Synthesizer and did not change with 
receiver frequency setting 


Rough frequency change corresponding to S1 PLL out of lock but without 
oscillator select signal verified scanning noise 


Synthesizer ee 


Remove Synthesizer top cover (outward facing). 


Check RF#1(A) AIA3AI1AI1 J1, VCO voltage voltage stuck at 2.701 VDC 
with no ripple 


Check RF#3 A1A3A1A2, J1 voltage level changes along with 
1OKHz dial setting. 





Check RF#1(B) A1A3A1A4 J1 (12.5KHz Delta F) 
XA3-M, 
Reference), 

Ot 


Remove Synthesizer rear cover (edge connector side) 


Check mixer Z1 117MHz input 150mV p-p 117.3MHz (Tek 
2024 X1 probe) 

Check mixer Z1 82MHz input 100mV p-p, ~91 MHZ 
unstable 


Check mixer @XA3-F (mixer output blocked by 50mV p-p 20.765MHz 
cable tray) 


Digital #2 ALA3A1A3 Le 
removed from synthesizer for bench test CL 


Amplifier Q1/Q2/Q3/Q4 functional Gain seems low compared 
to simulation 


Discrete transistor Flip-Flop Q5/Q6 checked functional, 1.8- 


3.2V triangular waveform 
@Q6 collector 


No output from Flip-Flop 
| 
pin 11 of Z2 (FF-O output) 
output) also high 
=i 
follower Q7 not desirable 
PRemoveQ7 


Inject 3.2MHz TTL logic signal at Q7 emitter no signal observed at Z2 pin 
position 1]. 
| 22 confirmed faulty 


PCB design rule back in 1960s did not consider ease of component replacement. 
PCB laminate quality also poorer than available today and not able to withstand 
prolonged heating in the process to clear PTH solder fill especially on large double 
sided ground plane without thermal relief. Q7 was replaced with a SOT-23 
MMBT2907A on solder side to avoid this trouble and possible further damage. 

Cut all leads of Z2 with a pair of fine cutters, remove Z2 package, then de-solder 
leads remained on PCB one by one. Clear PTH of solder fill (except pin #7 GND, 
where PCB ground plane heat sinking is too severe). Install a 14 pin IC socket. 
F950 is a vintage component and poor performance part by today standard. 
Replacements were on order. Meanwhile a 74HC74 was reworked to maintain 
compatibility of F950 socket. 

Even though the single 74HC74 works, a closer look at Q7 output waveform doesn’t 
give much confidence on circuit robustness 

Q7 logic level is not acceptable to HC logic, rise time too slow. Falling edge has a 
ringing that is almost two volts in amplitude. The same issue was also confirmed by 
PSpice simulation of discrete component Flip-Flop Q5/Q6. 

A linearized 74LV04 inverter and buffer section was inserted between Q7 and flip- 
flop, the SMD chip was piggybacked on the DIP flip-flop package. 











The buffer section makes the waveform shaper non-inverting, such that the lower 





jitter rising edge is used as trigger signal to 74HC74 flip flop. 





5 Sine(0 25m 20Meg 0 0) 


Simulation model schematic A1A3A1A3 input, equivalent transistor models used 
(oor eee eee enere 


Q7-emitter / V 
(Se) 


Time/uSecs 50nSecs/div 


Simulation waveform, Q7 Emitter 


a i 
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Q7 was not re-installed after removal, a SOT-23 2N2907A was put on solder side 
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Z2 was removed and a DIP socket soldered in place 








A single 74HC74 was wired to replace an F950, PCB track was not modified 
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9-Jul-2016, S/N:466, Reception Failure 


Fault Description: 
While operating properly at 17.740MHz, reception suddenly stopped. 
Procedure Result 


Synthesizer Digital #2 A1A3A1A3 Ce 
after Z2 replacement, re-insert PCB into synthesizer {| | 


Check Front End P1-D (XA2-D), 82-1 1OMHz signal 
from Synthesizer 


at 02.000 OMHz frequency dial setting XA2 reads 110.000MHz 

(TDS2024 Ch-1 20mV X10 
probe), normal 

11OMHz 

109 

108 

109 

106 

105 

104 

103 

102 


87.9998MHz 

87.8998MHz 

87.2xxxMHz unstable 

87.01xxMHz unstable 

86.96xxMHz unstable 

86.9823 MHz unstable 

86.9776MHz unstable 
Synchronous belt replaced earlier became fragile after prolonged storage, fresh part 
on order. Requires WM Berg p/n: 32GBF-158-E, more flexible alternate part 
33GBF-158-E is no longer available. After several synchronous belt replacements it 





was discovered that the belt teeth damages were actually caused by incorrect choice 
of tensioner wheel geometry. Belt didn’t sit properly when passing thru tensioner. A 
toothed pully GP32S14-18 was ordered to replace original tensioner wheel. 


Tooth pully need to be modified to fit properly 








Original tesioner wheel mounted on adjustable shaft 
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GP32S14-18 machined to proper thickness compatible with original 





Modified part 





at ae _— 





Modified toothed pully shown together with original tensioner wheel and damaged 
belt 





Complete belt replacement using toothed pully as tensioner 


9-Jul-2016, S/N:466, Synthesizer Lock failure 


Fault Description: 

After synchronous belt replacement and associated mechanical adjustment. Receiver 
found synthesizer unable to lock with frequency below 7.3MHz down to 2MHz. 
Intermittent lock problem also appears at 29MHz and above. When this happen, 
reception fails and associated with a ~2Hz motor boating beat. The lock failure 
frequency threshold changes from time to time, sometimes as high as 1 1 MHz. 


There 1s a ripple seen at synthesizer VCO control voltage at J1 of RF#1 PCB 
A1A3A1A1 when the beat happens. Tests were focused the following three 
synthesizer assemblies based on VCO ripple indication: 


- A1A3AI1A1 RF#I1- check VCO functionality and measure frequency vs control 
voltage 

- ALA3A1A3 Digital #2, check 1OMHz, MHz. 100KHz divider function and ratio 
and sensitivity/stability within designed frequency range 

- ALAA3A1A4 RF#1, check ramp, sample/hold and phase detector 


AI1A3A1A1 RF#1 bench test 
A few problems were found but none of them root cause of lock symptom. 


R-1490, ALAZA1A1 VCO frequency check Date: 17-Dec-16 By: Virgil Cheng 


22pinedgeconnectorA1A3AY] A | BLK |W 





Power and control signals +15V pwr VCO DC in 
22 pin edge connector ALA3A 


Signal Description Schematic 5-127/128 says +12V, doc page 4-77/78 5-93/94 says +15V, actual +15V 
Frequency dial setting 

Synthesizer connector A1P2 pif a 
02-29MHzdialS8deckApos [1221 2229 aan | 
Doc osc nomenclature 
Doc VCO frequency 
Docoscillatortransistor —|as_— a7 as pe 
Manual page 5-127/128 VCO nqVCONo.2|VCONo.3|VCONOD | 
Manual page 5-127/128 VCO frq90-99MHz|82-89MHz|100-110M | VCO nos. match doc frequencies, see below mistakes 
Actual VCO freq pp 5-127/128 

Actual VCO enabled pp 5-127/ VCO no.3 in schematic 5-127/128 is actually no.1 in doc 

Actual VCO freq VCO frequencies of VCO no.1 and no.3 in 5-127/128 are mislabelled 


Actual VCO transistor las «S—(si fs (Ss ssf LC component values matche VCO frequencies 














As can be seen from table above, there is documentation error in R-1490 manual and 
schematics. 


Component Replaced: 


Original part Replaced part 


luF 25V wet Tantalum, | luF 250V MLC capacitance is 
replaced with luF Polypropylene voltage dependent 
MLC 


3.3uF wet Tantalum 3.3uF 35V Solid | MLC capacitance is 
replaced with 3.3uF Tantalum voltage dependent 
MLC 


R50 6K8 1/8W 5% carbon 6K8 1/8W 5% Value increased, out of 
composition carbon film tolerance 





R51 27K 1/8W 5% carbon 27K 1/8W 5% Value increased, out of 
composition carbon film tolerance 


Pin K J1(TP) lvl ]vco ease ee (MHz) 
VCO in 
(voc) _|(voc} he 
0.02701 
0.10496 
0.19796] _13.9377| 113.9458| 103.4263| 93.12665 
0.50096] _13.9387| 113.9227| 103.4208| 93.12616 
0.6072 
0.70747 
0.82975 
0.92827| _13.9325| 113.8808] 103.4055] 93.10301 
1.0198 
1.2084 
1.3072 
1.4111 
1.5038] 13.9262| _113.887| 103.4023] 93.09824 
1.6109 
1.702 
1.8049 
1.9014] 13.9227| 113.8821| 103.398] 93.09574 
2.0302 
2.1062 

: 
: 
; 
3 
924.3961] 100.8949| 91.53957] 83.42731 
7.0025 
7.4822 










































Ji(TP) voltage (VDC) 


VCO frequency (MHz) 


un 


Varactor diode bias vs VCO control 
16 
14 
1? 
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1.8 2.8 4.8 4.8 5.8 6.8 1B 


VCO input voltage at pin K (VDC) 


VCO frequency vs control voltage 
170 
115 
110 
105 
100 
95 


#5 
18 2.8 4.8 45 4.8 6.8 re: 


VCO input voltage at pin K (VDC) 








AI1A3AI1AI test setup 


A1A3A1A3 Synthesizer Digital #2 bench test 


Resistance measurement: 


Measured 
293 
22000 [+42 
1000) [+49 
(33000 [46.75 | 
a 
1500 [466 | 
22000 [+8 
22000 [47.04 PO 
a 
AT 9 
22000 [447 
33000 [42.200 | 
1000 [+63 0 P 
1000 fo 
8200 48S 
(33000 [463 fF 
2338 [2200 [+627 | 
290.3 [270 [475 | 


Divider check, 29-Dec-2016 


Feed 35MHz into Pin F signal input fC 


Minimum signal generator setting for stable count at | Some logic level abnormal, 
Z2 pin 3 (1/4) is SOmV, 30mV p-p measured at pin F_ | due to fanout capacity 
limitation of DTL circuits 
Input 100mV at connector P1 pin E. Divided Divider ratio verified 
frequency measured at connector P1 pin M low going | Found divider ratio affected 
pulse, 4 input clock pulses wide. With Racal-Dana by loading impedance at pin 





1992 frequency counter input Am x10 probe, 1M M, both capacitive and 2k2 

imp, auto trigger, falling edge , not accurate with pull-up reduced output 

Kikusui FCO1120 frequency due to 
asynchronous logic 
propagation delay. Divider 
ratio good with existing fan 
out loading 
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oO fo FF KF YF PF Soo 2 82 28 8 KF FP FPP cog og 8 28 8 FPP rPFProoc 8 8 28 8 YF FP FP FY OC oO 8/4 


oO °° 92 8 KF FP PiYPF oO fo 28 8 28 8 FRPP rPo ge 8 8 8 oO FP FP PrP Oo 28 8 92 090 FPF KF FY Fe 8S 
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47043.01 
46542.55 
460052.63 
45372.92 
45103.09 
4442.66 
44191.92 
43 750.00 
43316.83 
42692.16 
4247573 
420607.31 
41666.07 
41273.56 
4066 7.85 
40509.26 
40137.61 
so7 72,73 
39414.41 
39062.50 
36/16.81 
363 77,19 
38043.46 
37715.52 
3/393.16 
3/070.27 
36 /D4. 71 
36456.33 
3615.7,02 
398600,66 
399609,11 
0262.20 
32000.00 
a4 722.22 
34446.82 
34179.69 
33914, 73 
336053.89 
$3390.95 
33143.94 


9300000 

9400000 

9500000 

9600000 

9700000 

9800000 

9900000 
LOOOOOO0 
10100000 
10200000 
10300000 
10400000 
10500000 
LO600000 
10700000 
LO800000 
10900000 
11000000 
11100000 
11200000 
11300000 
11400000 
11500000 
11600000 
11700000 
11800000 
11900000 
12000000 
12100000 
12200000 
12300000 
12400000 
12500000 
12600000 
12700000 
12800000 
12900000 
13000000 
13100000 
13200000 
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133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
— 
145 
146 
147 
148 
149 


151 
152 
153 


155 
156 
157 


159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
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32894.74 
32649.25 
32407.41 
32169.12 
31934.31 
31702.90 
31474.82 
31250.00 
31028.37 
30809.86 
30594.41 
30381.94 
30172.41 
29965.75 
29761.90 
29560.81 
29362.42 
29166.67 
28973.51 
28782.89 
28594.77 
28409.09 
28225.81 
28044.87 
27866.24 
27689.87 
27515.72 
27343.75 
27173.91 
27006.17 
26840.49 
26676.83 
26515.15 
26355.42 
26197.60 
26041.67 
25887.57 
25735.29 
25584.80 
25436.05 
25289.02 
25143.68 
25000.00 
24857.95 
24717.51 
24578.65 
24441.34 
24305.56 
24171.27 
24038.46 
23907.10 
23777.17 
23648.65 
23521.51 
23395.72 
23271.28 
23148.15 
23026.32 
22905.76 
22786.46 
22668.39 
22551.55 
22435.90 
22321.43 
22208.12 
22095.96 
21984.92 
21875.00 
21766.17 
21658.42 
21551.72 
21446.08 
21341.46 
21237.86 
21135.27 
21033.65 
20933.01 
20833.33 
20734.60 
20636.79 


13300000 
13400000 
13500000 
13600000 
13700000 
13800000 
13900000 
14000000 
14100000 
14200000 
14300000 
14400000 
14500000 
14600000 
14700000 
14800000 
14900000 


15100000 
15200000 
15300000 


15500000 


15700000 
15800000 
15900000 
16000000 
16100000 
16200000 
16300000 
16400000 
16500000 
16600000 
16700000 
16800000 
16900000 
17000000 
17100000 
17200000 
17300000 
17400000 
17500000 
17600000 
17700000 
17800000 
17900000 
18000000 
18100000 
18200000 
18300000 
18400000 
18500000 
18600000 
18700000 
18800000 
18900000 
19000000 
19100000 
19200000 
19300000 
19400000 
19500000 
19600000 
19700000 
19800000 
19900000 
20000000 
20100000 
20200000 
20300000 
20400000 
20500000 


20700000 


20900000 
21000000 
21100000 
21200000 
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213 
214 
215 
216 
217 
218 
219 


221 
222 
223 
224 


226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 


251 
252 
253 


255 


257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
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277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
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20539.91 
20443.93 
20348.84 
20254.63 
20161.29 
20068.81 
19977.17 
19886.36 
19796.38 
19707.21 
19618.83 
19531.25 
19444,44 
19358.41 
19273.13 
19188.60 
19104.80 
19021.74 
18939.39 
18857.76 
18776.82 
18696.58 
18617.02 
18538.14 
18459.92 
18382.35 
18305.44 
18229.17 
18153.53 
18078.51 
18004.12 
17930.33 
17857.14 
17784.55 
17712.55 
17641.13 
17570.28 
17500.00 
17430.28 
17361.11 
17292.49 
17224.41 
17156.86 
17089.84 
17023.35 
16957.36 
16891.89 
16826.92 
16762.45 
16698.47 
16634.98 
16571.97 
16509.43 
16447.37 
16385.77 
16324.63 
16263.94 
16203.70 
16143.91 
16084.56 
16025.64 
15967.15 
15909.09 
15851.45 
15794.22 
15737.41 
15681.00 
15625.00 
15569.40 
15514.18 
15459.36 
15404.93 
15350.88 
15297.20 
15243.90 
15190.97 
15138.41 
15086.21 
15034.36 
14982.88 


21300000 
21400000 
21500000 
21600000 
21700000 
21800000 
21900000 
22000000 
22100000 
22200000 
22300000 
22400000 


22600000 
22700000 
22800000 
22900000 
23000000 
23100000 
23200000 
23300000 
23400000 
23500000 
23600000 
23700000 
23800000 
23900000 
24000000 
24100000 
24200000 
24300000 
24400000 
24500000 
24600000 
24700000 
24800000 
24900000 


25100000 
25200000 
25300000 


25500000 


25700000 
25800000 
25900000 
26000000 
26100000 
26200000 
26300000 
26400000 
26500000 
26600000 
26700000 
26800000 
26900000 
27000000 
27100000 
27200000 
27300000 
27400000 
27500000 
27600000 
27700000 
27800000 
27900000 
28000000 
28100000 
28200000 
28300000 
28400000 
28500000 
28600000 
28700000 
28800000 
28900000 


29100000 
29200000 


293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
S04 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
a15 
316 
a1/ 
318 
319 
320 
a21 
a22 
a23 
a24 
329 
326 
oof 
328 
a29 
330 
331 
332 
Se 
a34 
i 
336 
oof 
336 
a39 
340 
341 
342 
a43 
S44 
a45 
346 
a47 
3468 
349 
320 
ao1 
aa2 
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14931. 74 
14860.95 
14830.51 
14760.41 
14730.04 
14661.21 
14632.11 
14583.33 
14534.86 
14466. 7/5 
14436.94 
14391.45 
14344.26 
14297.39 
14250.81 
14204.55 
14156.56 
14112.90 
14067,.52 
14022.44 
1397 7.04 
13933.12 
13866.89 
13644.94 
13801.26 
1373.7.86 
13714. 73 
13671.86 
13629.28 
13566.96 
13544.89 
13503.09 
13461.54 
13420.25 
133 79.20 
13336.41 
13297.87 
1325.7,.56 
13217.52 
131 77.71 
13136.14 
13096.80 
13059. 70 
13020.83 
12982.20 
12943.79 
12905.60 
12867.05 
12829.91 
12792.40 
12755.10 
12716.02 
12661.16 
12644.51 
12608.07 
12571.54 
12535.82 
12500.00 
12404.39 
12426.98 


29300000 
29400000 
29500000 
29600000 
29 700000 
29800000 
29900000 
S0000000 
30100000 
30200000 
30300000 
S0400000 
30500000 
S0600000 
30700000 
0800000 
0900000 
31000000 
31100000 
31200000 
31300000 
31400000 
31500000 
31600000 
31700000 
31800000 
31900000 
32000000 
32100000 
32200000 
32300000 
32400000 
32000000 
32600000 
32 /00000 
32800000 
32900000 
33000000 
33100000 
33200000 
33300000 
33400000 
33500000 
33600000 
33 /00000 
33800000 
33900000 
34000000 
34100000 
34200000 
34300000 
24400000 
34500000 
24000000 
34700000 
34800000 
34900000 
32000000 
39100000 
30200000 
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A1A3A1A3 test setup, dip switch below simulates frequency dial switches 


P1 pin M, x10 probe, 2V/div, 100nS/div 





Waveform showing output slow rise-time and relationship with input signal 


AILAA3A1A4 RF#I1 bench test 
Resistance measurement 


Legend Remarks 

Rl Most exceeded 5% tolerance limit 

R2_ [| 1054K KS 
BP 

PRA 


R 


5 Se 
Ro | | 2K7_— |__| 2K 7 on schematic, 1N914 diode on PCB _ 
PRT 1097K [10K 97 
PRO | 4188K | 3K9 1473 


RIO [3.542K (3K3—— [+73 PO 
PRUL [18130 [180 40.7 PO 
R12 (1202 0 [1200 FHP 
R13 [23.07K [22K [+48 | 
R14 [236.5K [220K +75 | 
PRIS (50400 (47072 
RIO {101.7 {1000 
RIT (1034 [1000434 
RIS [189300 [180 F520 
RIO [1922 [180/466 | 
R200 [18M | | i Not found, circuit modified 


29-Dec-2016 

Q11, Q12 found modified. Instead of a Sziklai pull pair, became a complimentary 
Emitter Follower, with C7 to ground (1000p on schematic, 100n on PCB). R20 
became a IM resistor connected between bases and emitters. Q11 is 2N3117. 





Voltage drop across Cl: 1.336V, Current source 149uA measured 
R8=5K062 assume VBE=0.6, VR8=0.761, calculated Isrc=150uA 
Rise time @C3=149uA/1000p=0.149V/uS calculated, 

Measured 8V/62uS=0.129V/uS 


FINE TUNING LOOP 
RI9 +BY 
' 180 
Qui Qi2 
AMPL AMPL 
. ‘a QI0 ANZOSTIA 2N2907A 
4 


; \S/ 2n2907A 
Ae) Le 
: ems Nae NS 
‘ 
DISCR 
HK 4 ae) 22222 
17 : 
ts Bie pan = FROM R18 
180 18 1000 
MEGO | pitxay-a— 180 


PI(KAN)-M —— 





30-Dec-2016 

Pin E output voltage range 

AF just after Ref: 70 mV 
AF just before Ref: 86 V 
Highest output: 14.05 V 


Conclusion: Frequency/Phase detector functional 


Component Replacement 


" 
=) Tantalum reliability 
Tantalum ceramic 1210 SMD reliability 

[rina "| Scamie 210M | ahi 
Tantalum ceramic 1210 SMD ee 





AILA3A1A4 RF#1 bench test setup, breadboard below is a pulse generator circuit 
that provides two 250nS low going pulse outputs at 12.5KHz with adjustable 
separation, one serves as Ref, a delayed one serves as Af. Output voltage at pin E is 
checked against pulse separation 


wi Triad 


F allinag 


pee@rtrrtreeeet 





Waveform detail of 12.5MHz signal at J2 (ref) and J1 (Af) 


M Pos: 0.000s TRIGGER 


Type 


Source 
CHI 


slope 


Mode 


Coupling 


. “hci deeded brchond 
| MM 2a, Us A) i 


Pep PER 
7 





Waveform detail of 12.5MHz signal at J2 (ref) and J1 (Af) 


Summary so far: 
All PCB assemblies responsible for 82-110MHz frequency synthesis function 


properly. 


The synthesized 82-110MHz is fed to A1A2A2 Frontend inside there is a wide 
frequency range VCO that locked against the synthesizer output. This VCO is a 
sealed package that received a high voltage Varactor bias powered by +125V 
inverter module. This high voltage bias was found to bounce when PLL lock 
Symptom appears. 


A1A2A2 Frontend is not well documented in manual. The original plan is to have a 
bench setup with +18V and +125V DC power and a signal generator that mimic 
synthesizer output for debugging. Component measurement was performed prior 
function tests to see if there was anything obvious. 


A1A2A2 AI Frontend check 

Resistance measurement, 10% resistors used on this assembly 
Remarks 
PRE 
PRO 
Ro 
R40 [1078 | 100 7B 
PRS [178 [1200 
RO 
R7 13528 (133000 [469 
RR 


a rs es ee ee 
RU | 4.805K[4K7 142.23 
R12 |4.850K [4K7 143.19 
R13 | 34.28K 33K 143.8 
RI4 (3554 (33000 1476 
PRIS [1214K 120K 
R16 [1SI4K OL IKS 09 Pt 
RIO [4124 (390) 145.6 PO 
R200 (73.5 [68 +8 PF 
R200 | 


R21 a 
R230 | 
a 
R25 [107.7 | 10047 
Replaced with 1/4W 1% MF 
ae 


R290 fT 

R300 | 
R32 ([3.441K[3K3—0 144.20 
R33 (| 2043K [18K +13 
R350 | 
R36 [3.528K | 4K7 | | Notacourate 
R37 [47.7 47 
R39 [5065 [470 47-7 
R40 [| 1416K | IKS 5.6 


Casual inspection of schematic and resistance of R34 found R34 at maximum value. 
R34 has its terminals 2 and 3 shorted, maximum value means either trimpot is 
adjusted to fully clockwise or wiper is open circuited. Further check found R34 not 
at extreme position, and a small angle adjustment resulted in large resistance change. 
Conclude R34 unreliable and replaced with a Spectrol single turn 20K part. 





Reinstalling Front End back to slot without cover, checked bias voltage of VHF 
oscillator while varying frequency dial from 02MHz to 29MHz, voltage changed 


together with MHz frequency setting, indicating proper lock. 


Operated for half an hour, reception suddenly stopped. Checking Bias input of VHF 
oscillator Z2 found voltage stuck at 80VDC and not changing with MHz setting. 


Unplug Front End module for full bench test. 


A1A2A2 Front End bench test VCO characterization 


R-1490, ALAA? Front End check 
VCO tracking check 
PCBA pin 6 125 VDC RF in leve! 
Sample 460 mVp-p  @&2MHz 
fin P1-D 
PCBA 1-2 VCO QO? O6 O4 
Freg (MHz Bias (VDC collector collector collector 
78 bounce 
79 26.183 2.000 3,098 5.606 
80 26.60/78 4.196 5.074 5. #48 
#1 27.194 +a 3.050 5. #00 
Ba 27,734 4.496 5.029 5.666 
3 26.301 5.201 5.004 5.636 
64 26.079 3.919 4.97 3.607 
85 29.493 6.690 4.949 o.0f8 
86 30.127 480 4.921 o.oo) 
af 30. 789 §.300 4.893 oe) 
feta 31.480 9.150 4.862 5.469 
6g 327.199 10.040 4.831 3457 
90) 37.943 10.960 4.798 5,425 
91 33.725 11.930 4./66 3.39) 
Q? 34.5276 17.920 4.730 3.303 
93 35.567 13.950 4.695 3.317 
94 36.24 15.030 4.658 5.279 
95 37,149 16.160 4.619 209 
96 a0.093 17.320 45fi >, 198 
oF 39.077 16.530 4.555 o,.154 
98 40.1 19.790 4.49? 9,109 
99 41.166 21.080 4.45? 3.070 
100 47.268 22.450 4.405 9.027 
101 43.415 23.500 4.357 4.9/1 
10? 44.005 25.3600 4.306 4.919 
103 45,064 26.880 4.253 4.860/ 
104 47.118 26.4 /0 4.199 4.811 
105 46.444 30.110 4.143 40/54 
106 49.616 31.620 4.065 4.696 
10/7 91.242 33.5/0 4.026 4.634 
108 a2. 723 35.410 3.963 4.5/2 
109 S44. 258 37.310 3.899 4.508 
110 55.804 39.290 3.654 4.441 
111) 57.512) 41.350 3.765 4.370 
11? 79.239 43,4860 3.694 4.297 
113 61.032 45. /00 3.620 4.223 
114 62.694 44.010 3.4? 4.145 
115 b4.629 50.400 3.465 4.065 
Observation: 


Date: 


Unable to lock when input level 1s too high. 


R34 has no effect on recovering from unlock. Bias voltage overshoot more seriously 
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20 mV p-p 
450 mVp-p 


if R34 is reduced. R34 adjusted to maximum (slowest). 
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HVDC, 126 VDC 
@110MHz 
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New trimpot installed 


Front End functions normally. Front end was unplugged from chassis and signal 

level from Synthesizer was checked at Front End socket P1-D and found intermittent. 
Signal strength was very low at the beginning and proper level can be restored by 
moving coaxial cable of ALAIA3A1 J2 Af output. Careful check found contact 
problem with RF plug. Most wire strends of outer shield was broken. Plug was 
removed and repaired, a crimp was attempted and due to unsuitable size of ferrule 
and crimping tool. The outer briade was finally soldered back in place. Signal 
strength and reliability back to normal. 








Center pin is very small and can be lost easily during manipulation, it was attached 
to a piece of Kapton tape before handling 
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Repaired connector, shield soldered to plug 
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Normal signal level measured at Front End P1-D with x10 probe 
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Normal signal level measured at Front End P1-D with x10 probe 


Conclusion: 
Unit was re-assembled and tested to see if there is any more hidden issues. 


Root cause of all these troubles was actually one faulty connector. R34 contact 
problem on Front End is secondary. 


The connector used seems to be a SSMA connector that requires further 
confirmation 


7-Jan-2017, SN:226, Synchronous Belt Replacement 


Tensioner replaced with toothed pully same as S/N:466. 
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